Objective: The present meta-analysis aimed to determine the overall effect of cognitive behavior therapy combined with physical exercise (CBTEx) interventions on depression, anxiety, fatigue, and pain in adults with chronic illness; to identify the potential moderators of efficacy; and to compare the efficacy of CBTEx versus each condition alone (CBT and physical exercise). Method: Relevant randomized clinical trials, published before July 2017, were identified through database searches in PubMed, PsycArticles, CINAHL, SportDiscus, and the Cochrane Central Register for Controlled Trials. Results: A total of 30 studies were identified. CBTEx interventions yielded small to large effect sizes for depression (standardized mean change [SMC] ϭ Ϫ0.34, 95% CI [Ϫ0.53, Ϫ0.14]), anxiety (SMC ϭ Ϫ0.18, 95% CI [Ϫ0.34, Ϫ0.03]), and fatigue (SMC ϭ Ϫ0.96, 95% CI [Ϫ1.43, Ϫ0.49]). Moderation analyses revealed that longer intervention was associated with greater effect sizes for depression and anxiety outcomes. Low methodological quality was also associated with increased CBTEx efficacy for depression. When compared directly, CBTEx interventions did not show greater efficacy than CBT alone or physical exercise alone for any of the outcomes. Conclusion: The current literature suggests that CBTEx interventions are effective for decreasing depression, anxiety, and fatigue symptoms but not pain. However, the findings do not support an additive effect of CBT and exercise on any of the 4 outcomes compared to each condition alone.
In the article entitled "No Health Without Mental Health," Prince et al. (2007) highlighted the need for mental health awareness to be integrated into health care, including chronic disease treatments (Prince et al., 2007) . Indeed, comorbid psychological symptoms are highly prevalent among adults with physical chronic disease (Abrahams et al., 2016; Cruess et al., 2003; Matte et al., 2016; McCabe, 2010) . Among the most prevalent comorbid psychological symptoms, four major psychological factors-namely, depression, anxiety, fatigue, and pain-are related to a more rapid disease progression. These psychological symptoms are identified as risk factors for poor self-care, increased symptom burden, worsened physical functioning, more severe morbidity, and reduced quality of life among patients with various chronic diseases (such as chronic obstructive pulmonary disease [COPD] ; Laurin, Moullec, Bacon, & Lavoie, 2011) , diabetes (Deschênes, Burns, Pouwer, & Schmitz, 2017) , multiple sclerosis (Ensari, Adamson, & Motl, 2016) , cancer (Trudel-Fitzgerald, Savard, & Ivers, 2014) , and chronic fatigue syndrome (Wiltink et al., 2014) .
Recently, a considerable literature has emerged about the prevention and treatment of psychological symptoms in patients with chronic diseases. Among available studies, using no pharmacological treatments to alleviate these symptoms, cognitive behavior therapy (CBT) and physical exercise interventions are empirically validated. The benefits of CBT and exercise are supported by meta-analyses of findings from multiple clinical trials for depression (Cuijpers, Cristea, Karyotaki, Reijnders, & Huibers, 2016; Schuch et al., 2016) , anxiety (Cuijpers et al., 2016; Stonerock, Hoffman, Smith, & Blumenthal, 2015) , fatigue (Larun, Brurberg, Odgaard-Jensen, & Price, 2016; Price, Mitchell, Tidy, & Hunot, 2008) , and pain (Geneen et al., 2017; Williams, Eccleston, & Morley, 2012) . CBT was also found to effectively decrease these psychological symptoms in adults with multiple sclerosis (van den Akker et al., 2016) , chronic fatigue syndrome (Malouff, Thorsteinsson, Rooke, Bhullar, & Schutte, 2008) , cancer (Sheard & Maguire, 1999) , fibromyalgia (Bernardy, Klose, Busch, Choy, & Häuser, 2013) , and coronary heart disease (Hackett, Anderson, House, & Xia, 2008) . A review of meta-analyses concluded that CBT interventions are effective to manage psychological symptoms such as depression, anxiety, fatigue, and pain among adults with chronic illness (Hofmann, Asnaani, Vonk, Sawyer, & Fang, 2012) .
Other interventions such as exercise interventions were also found to improve psychological symptoms in adults with diabetes, cancer, chronic fatigue syndrome, and low back pain in many meta-analyses (Pedersen & Saltin, 2015) . For example, two metaanalyses, including 40 and 90 randomized controlled trials (RCTs), concluded that exercise interventions reduce anxiety and depression symptoms in adults with chronic illness (Herring, O'Connor, & Dishman, 2010; Herring, Puetz, O'Connor, & Dishman, 2012) . Moreover, physical exercise interventions were found to clinically reduce pain in patients with low back pain (Searle, Spink, Ho, & Chuter, 2015) and to decrease fatigue in cancer survivors (Brown et al., 2011) . Hence, CBT and exercise have received considerable attention and represent effective interventions to deal with psychological comorbidities in patients with chronic diseases.
Researchers have hypothesized an additive effect of CBT combined with physical exercise (CBTEx) when compared to each intervention alone. CBT directly addresses the cognitive distortions and emotional management that might improve self-care, while exercise facilitates behavioral activation and distraction (Piette et al., 2011) . Several RCTs have examined these interactive effects on depression, anxiety, and fatigue in cancer survivors (Duijts et al., 2012) , adults with COPD (Emery, Schein, Hauck, & MacIntyre, 1998) , and those with chronic fatigue (Donta et al., 2003) , with mixed results. Other studies have compared the effects of combined interventions to a waitlist control group (Deale, Chalder, Marks, & Wessely, 1997) , exercise alone (Gary, Dunbar, Higgins, Musselman, & Smith, 2010) , CBT alone (Linton, Boersma, Jansson, Svärd, & Botvalde, 2005) , and CBT or exercise alone (McBeth et al., 2012) with inconclusive results. Furthermore, multiarm RCTs did not facilitate a complete understanding of the effects of CBT, physical exercise, or CBTEx effects. Two previous systematic reviews have described some of the available evidence (Kangas, Bovbjerg, & Montgomery, 2008; Wiles, Cafarella, & Williams, 2015) . A significant reduction of depression and anxiety symptoms was found in interventions combining psychological components and exercise training for patients with COPD (Wiles et al., 2015) . Kangas et al. (2008) found that both psychological and exercise interventions significantly decreased fatigue in adults with cancer, but effects did not differ between the two interventions. However, these reviews assessed the effects of diverse psychological interventions (e.g., counseling, motivational interviewing) and included trials with mixed designs (i.e., singlegroup study, controlled trial, RCT), thus limiting the conclusions that could be drawn. To the authors' knowledge, no previous study has systematically examined the additive effects of CBT combined with exercise on psychological symptoms in adults with chronic disease. Despite the evidence supporting the effects of both CBT and exercise interventions in the improvement of psychological symptoms among patients with chronic diseases, it is currently unclear if the combination of CBT and physical exercise results in greater improvements in psychological outcomes.
The purpose of this systematic review and meta-analysis was (1) to summarize the literature on the effects of CBTEx for depression, anxiety, fatigue, and pain in adults with chronic disease; (2) to identify the potential moderators of efficacy; and (3) to assess the efficacy of CBT versus exercise and the additive effects of CBT combined with exercise on outcomes of interest.
Method
Methods for collecting and summarizing data are in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (Moher, Liberati, Tetzlaff, Altman, & the PRISMA Group, 2009 ). The study protocol was registered in PROSPERO (CRD42016048694).
Inclusion Criteria
Studies were included in the systematic review if they met the following criteria, according to participants, intervention, comparison, outcomes, and study design.
1. Participants. Participants were adults with chronic disease as described by the World Health Organization (Alwan & Agis, 2011) .
Interventions.
Included trials examined the effects of CBTEx or CBT versus exercise. CBT is defined accordThis document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ing to Cuijpers, Berking, et al. (2013, p. 378) as "a therapy in which the therapist focuses on the impact that a patient's present dysfunctional thoughts affect current behavior and functioning. CBT helps clients to evaluate, challenge, and modify their dysfunctional beliefs (cognitive restructuring), in part to promote behavioral change and improve their functioning. Therapists use a psychoeducational approach, and teach patients new ways to cope with stressful situations; however, CBT therapists emphasize homework assignments and outside-of-session activities, through the method of collaborative empiricism, to directly experience the value of proposed changes within therapy sessions" (more details in online supplemental Appendix 1). Exercise interventions were defined as any physical interventions involving planned, structured, and repetitive movements. The nature of the exercise included but was not limited to specific activities and included the following practices: walking programs, running, sports, and resistance training. Interventions could be home based or supervised. No restriction was made regarding frequency, intensity, or duration of the program. Strictly relaxation interventions (e.g., deep breathing exercises) were excluded.
Controls.
Included investigations compared CBTEx with usual care, waitlist, or an active comparison control condition.
Outcomes.
Included trials measured at least one validated self-reported measure of depression, anxiety, fatigue, or pain as a primary or secondary end point at postintervention time.
Studies.
Only RCTs were included.
Exclusion Criteria
Studies including healthy participants or those with severe mental illness, or interventions involving psychoeducation, counseling, physiotherapy, manual therapy, passive exercise, or lifestyle interventions, were excluded.
Data Sources and Searches
Studies were identified by searching PubMed, PsycArticles, CINAHL, SportDiscus, and the Cochrane Central Register for Controlled Trials electronic databases until July 30, 2016, in English and French. An update was performed on July 14, 2017. The search strategy was adapted for each database using its specific vocabulary map. For instance, MeSH terms were used combined with filters for RCT, adult, and human studies. Additionally, relevant reviews were scanned. Details about research strategies are provided in online supplemental Appendix 2. After duplicates were removed, titles and abstracts of all studies identified were examined independently (Ahmed-Jérôme Romain, Paquito Bernard) to determine those meeting the selection criteria.
Data Extraction
All relevant studies were scrutinized attentively to extract data on study participants and design, CBT and exercise components of interventions, and assessment tools. Risk of bias was assessed using four items from the Cochrane collaboration assessment tool . Methodological quality was assessed with six items from a scale validated for measuring quality of RCTs focusing on psychotherapy (Kocsis et al., 2010) and psychiatry settings (Moncrieff, Churchill, Drummond, & McGuire, 2001) . Details are listed in online supplemental Appendix 3. For each included study, data extraction and quality appraisal assessments were independently conducted by two of six researchers (AhmedJérôme Romain, Paquito Bernard, Marion Carayol, Johan Caudroit, Guillaume Chevance, Mathieu Gourlan). Any disagreements were resolved by discussion.
Statistical Analysis
For each reported psychological outcome measure, the standardized mean change (SMC) score using raw score standardization was calculated for both treatment and control groups. The difference between two standardized mean changes, after adjustment for estimation bias, served as the effect size for each study. Reported nonadjusted means and pretest standard deviations (SDpre) were used. If SDpre was not reported, it was estimated via the reported change score SD or pretest range (Morris, 2008) . For estimation of the SMC sampling variance, pretest and posttest correlation was required. If this information was not reported, a correlation coefficient of 0.50 was used. Sensitivity analyses were carried out to ensure the robustness of results (0.30, 0.70, 0.90; Higgins & Green, 2008) .
For articles that reported insufficient information on outcomes, repeated attempts to contact corresponding authors were made to request more information. When the information was not provided, the effect size could not be calculated and these studies were therefore excluded from the meta-analysis. To estimate the overall effect of interventions and prevent a double counting of participants in a common arm, relevant groups from multiarm RCTs were collapsed (Higgins & Green, 2011) .
Random-effects models were performed due to the expected heterogeneity of studies. The standardized SMC value can be interpreted as 0.20, 0.50, and 0.80, representing small, medium, and large effect sizes, respectively (Cohen, 1977) . Signs of effect sizes were set so that negative effect sizes for depression, anxiety, fatigue, and pain indicated improvements in favor of intervention. Heterogeneity was quantified with the I 2 statistic ranging from 0%-100% (small: Ͻ 25%; moderate: 25%-50%; large: Ն 50%; Higgins & Green, 2008) . Publication bias was evaluated by examining funnel plots. Regression residuals were screened to identify potential multivariate outliers using residual Cook distances.
Moderator Analysis
According to clinical experience and literature background, the following set of factors was selected: (1) population-related characteristics: age, proportion of women; (2) intervention-related characteristics: length, frequency, number of sessions, group versus individual delivery modes (two categories), and exercise nature (aerobic, resistance, combined, graded intervention; each category vs. all others); and (3) total methodological quality score. A set of bivariate random-effects metaregression models was performed to This document is copyrighted by the American Psychological Association or one of its allied publishers.
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identify potential moderators. Analyses were run after the exclusion of possible multivariate outliers (Higgins & Green, 2011) . All continuous variables were zero-centered based on their means. Beta values (␤) quantify the amount of variability in SMDs associated with a one-unit increase of each moderator of interest. All analyses were carried out in R 3.3 using the metafor package (Viechtbauer, 2010) .
Results

Search Results
The initial electronic searches identified 717 references, of which 105 were duplicates. After a review of titles and abstracts, 422 were excluded because they did not meet all inclusion criteria. Assessment of full-text articles was performed for 233 references. Thirty RCTs met the inclusion criteria, including 8 multiarm RCTs. The number of studies included for each outcome of interest is detailed in the flow diagram (see online supplemental Appendix 4). References of included trials are available in online supplemental Appendix 4.
Characteristics of Included Studies
Participants. Sample sizes of included studies varied from 30 -555 patients, with a mean age of 47.4 years (SD ϭ 9.0). The samples were mixed sex in a majority of interventions (mean rate of women of 66% in samples). Adults with chronic fatigue were the most represented in included studies (nine RCTs, 30%; Deale et al., 1997; Janse, Wiborg, Bleijenberg, Tummers, & Knoop, 2016; Jason et al., 2007; O'Dowd, Gladwell, Rogers, Hollinghurst, & Gregory, 2006; Prins et al., 2001; Ridsdale, Darbishire, & Seed, 2004; Sharpe et al., 1996; Zedlitz, Rietveld, Geurts, & Fasotti, 2012) . Participants with low back pain or COPD were found in four (13%; Khan, Akhter, Soomro, & Ali, 2014; Linton et al., 2005; Smeets et al., 2006; Tummers, Knoop, van Dam, & Bleijenberg, 2012) and three RCTs (10%; de Godoy & de Godoy, 2003 , de Godoy et al., 2005 Emery et al., 1998) , respectively. Two RCTs included participants with current or history of depressive disorders (Gary et al., 2010; Piette et al., 2011) , and five included adults with chronic fatigue syndrome (Deale et al., 1997; Janse et al., 2016; Jason et al., 2007; Prins et al., 2001; Sharpe et al., 1996) . Online supplemental Appendix 5 provides details about country, diseases, age, and psychotropic medications .
Intervention and outcome characteristics. The CBT interventions mainly targeted fatigue (10 RCTs, 33%) and pain (4 RCTs, 13%) symptom management and decrease of depression and/or anxiety symptoms (5 RCTs, 17%). The group format was preferred in 16 RCTs (53%). Most CBT interventions were provided by psychologists or CBT therapists.
Supervised sessions of physical exercise were reported in 19 (63%) interventions. Principles of graded exercise therapy were applied in 10 studies (33%; Fulcher & White, 1998) . Aerobic and resistance exercises were combined in 8 RCTs (27%). Exercise interventions were mainly supervised by physiotherapists or physical fitness instructors. All CBTEx interventions were simultaneously delivered.
Outcomes measures were all self-reported scales. The Hospital Anxiety Depression Scale (Herrmann, 1997) was the most commonly used measure of depression. The fatigue subscale of the Checklist Individual Strength (Beurskens et al., 2000) and a visual analog scale were used to assess fatigue and pain, respectively. All measures are detailed in forest plots. Table 1 summarizes the interventions' characteristics.
Risk of bias and methodological quality. Detailed assessment of the risk of bias and methodological quality for each trial is presented in online supplemental Appendix 5. Risks of bias assessment of studies with a CBTEx arm are summarized in a figure in online supplemental Appendix 5. The mean methodological quality score was 5.97 (SD ϭ 3.05). The highest score was 12, but 5 studies received a score Յ2.
Effects of CBT combined with physical exercise interventions. Meta-analyses were carried out on depression, anxiety, fatigue, and pain outcomes with 16, 11, 9, and 4 RCTs, respectively (see Table 2 for details on studies' outcomes). Figure 1 . Heterogeneity among studies was moderate to large. The funnel plots appeared to be relatively asymmetrical (presented in online supplemental Appendix 6). Cook's distance analyses identified two multivariate outliers that were also excluded from the final analysis concerning anxiety outcome.
Based on available data, CBTEx interventions were also compared to usual care/waitlist arms. A significant effect size was observed for depression (SMC ϭ Ϫ0.46 Figure 2 presents the scatterplots of these significant univariate moderators.
Efficacy of CBT combined with physical exercise versus CBT and exercise alone. For CBTEx versus CBT, the set of analyses was performed on depression, anxiety, and pain outcomes with 9, 6 and 3 RCTs, respectively. No data were available for fatigue. For CBTEx versus exercise, analyses were carried out on depression, anxiety, fatigue, and pain outcomes with six, four, two, and three RCTs. Direct comparison of combined CBT and exercise with either CBT or exercise alone showed no significant differences for any outcome. Details are presented in Table 2 and forest plots in online supplemental Appendix 7. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Trained psychiatric nurses
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Discussion
This systematic review summarizes the available empirical evidence on the effects of CBTEx interventions on psychological outcomes in adults with chronic diseases. To our knowledge, this is the first systematic review to address this specific question.
The findings highlighted that CBTEx significantly decreased depression and anxiety with small effect sizes and fatigue with a large effect size, across a wide spectrum of adults with chronic illness. However, no significant effects were observed for pain, except in comparison with waitlist or usual care arms. Although the two largest RCTs were not included in the pooled effect size, they did not individually demonstrate significant effects on pain (Donta et al., 2003; McBeth et al., 2012) . Regarding depression and fatigue, larger effect sizes were found when CBTEx was compared to usual care or waitlist, as previously reported (Barth et al., 2013; Cuijpers et al., 2014) .
The effect sizes found for depression, anxiety, and fatigue were of similar magnitude as findings of previous meta-analyses investigating effects of exercise in samples with mixed or specific chronic illness. Summary effects sizes (d) were 0.30 for depression and 0.29 for anxiety (Herring et al., 2010 (Herring et al., , 2012 and Ϫ0.68 for chronic fatigue (Larun et al., 2016) . In previous meta-analyses examining CBT efficacy, the pooled effect sizes were also comparable (Hofmann et al., 2012) for depression, anxiety, and fatigue (Malouff et al., 2008) . These findings indirectly suggest that efficacy of CBTEx interventions is not superior to exercise or CBT interventions alone for decreasing depression, anxiety, and fatigue symptoms.
Regarding CBTEx moderators, longer interventions were related to greater reduction of depression and anxiety symptoms at the end of intervention. For fatigue, women participants had more benefits from CBTEx interventions. Moreover, a poor methodological quality of included trials was also associated with a larger effect size for depression. This result provides some evidence that the efficacy of CBTEx on depression could be overestimated due to methodological weaknesses of RCTs. This finding is consistent with previous metaanalyses examining the efficacy of psychotherapy (Cuijpers, van Straten, Bohlmeijer, Hollon, & Andersson, 2010) , health behavior change (Bernard et al., 2017) , and physical exercise (Carayol, Delpierre, Bernard, & Ninot, 2015) , which highlighted that low methodological quality was associated with larger effect sizes.
Regarding trials that directly compared CBTEx with CBT or exercise, no significant effect sizes were consistently observed. Despite the small number of comparative trials for some of the analyses, data suggest that CBTEx was not more effective than CBT or exercise interventions alone in direct comparisons. Additionally, the exploratory analyses did not find significant differences between CBT and exercise interventions on selected outcomes. Taken together, these results suggest an absence of superiority of CBTEx and CBT or exercise alone on depression, anxiety, fatigue, and pain at the end of intervention. Indeed, CBT and exercise interventions, combined or individually, may produce equivalent psychological benefits that could be attributed in part to "common factors" embodied in these two treatments. Although factors such as support (e.g., therapeutic alliance), learning (e.g., changing expectations), and actions (e.g., success experience) are initially proposed to explain the equivalent outcomes between psychotherapies (Huibers & Cuijpers, 2014) , they can also be applied in exercise. Furthermore, experimental investigations found that leadership, style of intervention, or group leadership in exercise professionals are associated with higher affective benefits (Turner, Rejeski, & Brawley, 1997) , physical activity expectations (McAuley, Talbot, & Martinez, 1999) , and motivation (Puente & Anshel, 2010; Waters, Reeves, Fjeldsoe, & Eakin, 2012) .
Based on the direct comparison between CBT and exercise, no superiority was found that suggests that these two interventions can be equally recommended in adults with chronic disease. However, exercise may have supplementary benefits to CBT on other health outcomes. Exercise not only improves chronic disease specific symptoms (e.g., dyspnea for COPD patients; Pedersen & Saltin, 2015) but 1998; Fossati et al., 2004 ).
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also decreases the risk of metabolic or cardiovascular disease that is highly prevalent in adults with chronic illness and psychological distress (Vancampfort et al., 2015) . The conclusions drawn from this meta-analysis, however, should be tempered by a number of methodological issues. The absence of effect of CBTEx versus CBT or exercise alone might reflect a contamination effect (a well-known methodological limit of exercise trials) of CBT groups (i.e., CBT participants deliberately increase their physical activity levels after randomization). Thus, researchers could compare CBTEx versus "partial" CBTEx participants. This contamination effect has been recently identified in 11 of 30 exerciseoncology RCTs, with rates from 22%-52% (Bisschop et al., 2015) . Second, the effects of CBTEx could have been overestimated due to methodological weaknesses associated with larger effect sizes (for depression), high level of heterogeneity (for depression and fatigue), and a systematic publication bias identified for all outcomes. Furthermore, the meta-analysis was limited to the examination of the shortterm efficacy of CBTEx, whereas CBTEx participants can maintain their benefits over time (Cuijpers, Hollon, et al., 2013) . Third, psychotropic medications could confound the effects of CBT or exercise, particularly in adults with chronic illness . Indeed, populations with chronic illness are known to report higher use of psychotropic medications compared to the general population (Azzone, Frank, Pakes, Earle, & Hassett, 2009 ). However, only eight of the reviewed trials provided details about these medications. Finally, the direct comparison between CBTEx and CBT or exercise alone was performed with RCTs that were not large enough (particularly for fatigue and pain outcomes), thus limiting the generalizability of findings.
In conclusion, this meta-analysis provides evidence that CBTEx interventions are effective to improve depression, anxiety, and fatigue compared to controls. However, the findings do not support an additive effect of CBT with exercise on any of the four outcomes compared to each intervention alone. Further research is needed to assess the long-term efficacy of CBTEx interventions. Future research is required to identify the respective mechanisms of CBT and exercise interventions, to improve the tailoring of combined interventions. Finally, noninferiority trials are needed in order to directly compare CBTEx, CBT, and physical exercise interventions.
